Model updating is concerned about the correction of finite element models by processing the record of dynamic response from test structures in order to have an accurate model for any simulated analysis. Finite element model updating had emerged years ago as an important subject in structural dynamics. It has been used frequently and has been successfully applied to many fields especially in detecting the dynamic stiffness of a structure. The purpose of this study is to perform model updating of a go-kart chassis structure in order to reduce the percentage of error between the experimental modal analysis (EMA) and finite element analysis (FEA). Modal properties (natural frequency, mode shapes, and damping ratio) of the go-kart chassis structure were determined using both EMA and FEA. Correlation of the modal parameters gathered in FEA and EMA was carried out before optimizing the data from finite element. By adjusting the selective parameters, incongruities between those two analyses are generally reduced. The sensitivity of selected parameters is also obtained. The significant reduction in percentage of error before and after model updating procedure was carried out in this study clearly shows that model updating technique is a reliable method in reducing the discrepancies between EMA and FEA. Therefore, in cases of high discrepancies between analytical and actual test data, model updating can be considered as an option in order to obtain better correlation between those two sets of data.
INTRODUCTION
A go-kart structure refers to the small four-wheeled vehicle that is used in sports and recreation. By the definition stated by International Karting Commission -Federation International Automobile (CIK -FIA), go-kart is a land vehicle with or without a bodywork, with four non-aligned wheels in contact with the ground, two of which control the steering while the other two transmit the power. Apart from the engine and attached wheels, the chassis of a go-kart usually consists of a body frame made up of steel pipes that are welded together. There are quite a number of studies that have been carried out concerning go-karts. This includes the study about the design of its frame or chassis that sometimes were concerned about the selection of materials for the structure, simple structural analysis, safety, and also the stability of the structure [1] [2] [3] [4] . Currently, the trend in chassis design is focusing on producing lower cost and lighter vehicle structure but with good safety efficiency. However, a lighter chassis structure will cause the structural resonance within the typical rigid body vibration to easily occur due to induced dynamic forces by road irregularities, engine, and other loads. This situation can result in riding discomfort and problems in ride safety and stability [5] [6] [7] [8] . Computer based analysis techniques such as the finite element method proves to be a reliable tool in engineering design and product development [9] . Furthermore, finite element model updating is already considered as an important subject to design, in terms of construction and maintenance of mechanical systems and civil engineering structures [10] since it is viewed as a convenient tool for analysing and predicting the dynamic performance of various structures [11] [12] [13] [14] [15] . For example, Mottershead and Friswell with their partners have done quite a study of model updating using FEA and have proven the reliability of finite element model in providing desired outcomes [4, [16] [17] [18] [19] . The EMA is the classic method of obtaining the modal parameter of a certain structure [20] . The frequently used method of carrying out the experiment is by using impact hammer as an actuator, an accelerometer as the sensor, and a Fast Fourier Transform (FFT) analyser to obtain the system Frequency Response Function (FRFs) between the excitation and the structural response [21] .
On the other hand, model updating is viewed as an important process of modifying certain parameters of a finite element to reduce the discrepancies between the computational model and the actual structure of the test subject. There are a lot of sources of modelling error that can affect the dynamic properties of the modelled structure and thus, these bring discrepancies to the actual model [22] [23] [24] . Generally, model updating is performed whether by using response based method or modal based method. In response based model updating, the finite element model directly makes use of the FRF for updating. Meanwhile, in modal based model updating, the modal data are applied in the structural parameter updating procedure, usually by doing optimization. There are quite a number of explorations done with regards to model updating technique. For example, several studies done previously have highlighted various methods of conducting model updating [16, 22, [25] [26] [27] [28] [29] [30] . Viewing updating parameter is an important subject and is the key of successful model updating. Quite a number of researchers have emphasized on parameterization issue such as Bohle and Fritzen [31] . Similarly, Chen and his partner also discussed the parameter topic in their study [32] . Model updating technique has also been performed on miscellaneous types of structures [33] . For instance, Abu Husain has demonstrated model updating technique on welded flat plate and hat-shape structure [34] , which from the initial correlation exhibits percentage of errors of below 5%. However, after carrying model updating procedure, the level of discrepancies is reduced to below 3%. Aside from this, there are many investigations of model updating procedures on other structures such as complex aerospace structures, bridges, and others [16, 18, 22, 34, 35] . Model updating is already a frequent field of study. Even so, most of the studies are focused on localization model updating which concerns joints elements. However, this study concerns with globalization model updating procedure that takes the whole structure into consideration. In this paper, the application of modal based model updating is performed on a go-kart chassis structure in order to minimize the error percentage between experimental data and finite element data. Thus, the updated model of the gokart chassis structure can be considered to represent the actual counterpart in better manner. The findings of this study can be a guide for other scholars to perform the study of model updating on other structures in other works.
METHODS AND MATERIALS

Finite Element Analysis
In FEA, frequency analysis is performed on the finite element model of the go-kart structure to obtain the dynamic properties of the structure, which are the natural frequencies, damping ratios, and the mode shapes of the structure. A wireframe model of the go-kart structure is developed according to the dimension of the actual test go-kart structure. The thin-walled pipe profile; which is the outer diameter, and the thickness of the wall are set to be the same as the real structure, and are then assigned to the wireframe structure. Figure 1 shows the go-kart structure with the pipe profile rendered to the wireframe structure.
The FEA on the model is carried out using ABAQUS software. Meshing is created on the wireframe structure. Since the model is made up of wireframe structure, namely tetrahedral, wedge elements cannot be created. Instead, one-dimensional beam element is created. A total of 965 elements, which used simple beam elements with 963 nodes, are created on the whole go-kart structure at 0.005 m approximate global meshing sizes which based on mesh independence tests, show converge desired output. The free-free boundary condition, which has neither constraints nor loads, is assigned to the structure in order to simulate its natural frequencies and mode shapes as it is much more easier to approximate experimentally and analytically [32, 36] . The material adopted on the structure is highcarbon steel, whereas the adopted value of density is 7,860 kg/m 3 and the Young's modulus is 235 GPa. The analysis is performed in linear perturbation procedure type and the history output request is frequency. The model is validated by comparing the finite element model mass to the actual part which is around 8 kg. The minimum frequency of interest is set as 1 Hz in order to avoid the calculation of rigid body mode which has the frequency at 0 Hz, while there is no maximum frequency of interest limited in the setting of the analysis. However, five numbers of eigenvalues are requested for the analysis since this study intends to focus only on the first five vibrational modes of the structure. Figure 2 shows the computed mode shape and the natural frequencies calculated for the go-kart chassis structure. The natural frequency for the first mode is 40.24 Hz, the second mode is 60.66 Hz, the third mode is 72.97 Hz, the fourth mode is 73.49 Hz, and the fifth mode is 110.36 Hz. 
Experimental Modal Analysis
Modal parameters including the natural frequencies, mode shapes, and the damping ratios can be obtained using a curve-fitting process or modal parameter extraction method. In this case, those modal parameters are extracted using curve-fitting process. Curve fitting process which is also called modal parameter estimation was implemented using postprocessing software called ME'ScopeVES. Frequency domain data was used for performing the curve fitting. The equipment used in the EMA includes the impact hammer, the data acquisition device, and also the triaxle accelerometer as shown in Figure 3 . The test subject is put in free-free boundary condition as shown in Figure 4 where the go-kart chassis frame is suspended using elastic rope. Excitation method used in this experiment is the impact hammer test. The experiment is carried out using roving accelerometer method where the triaxle accelerometer as the sensor is roved from one point to another point on the test structure, while the hammer is used to give excitation at a single fix point. Figure 5 shows the FRF generated at 61 points during the impact hammer test. On the other hand, Figure 6 shows the experimental mode shape and the natural frequencies at the selected five modes. Based on the experiment, the natural frequency for the first mode is 38.5 Hz, the second mode is 57.0 Hz, the third mode is 68.2 Hz, the fourth mode is 74.2 Hz, and the fifth mode is 101.0 Hz. Figure 6 . Measured natural frequencies and mode shapes of the go-kart structure.
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RESULTS AND DISCUSSION
Correlation is a process of comparing the data from FEA to the EMA and assessing how far that they are in agreement with each other. It is certain that discrepancies are unavoidable due to error possibilities in experimental data or finite element model structure [33, 37] . The results of FEA and EMA are correlated to determine the inconsistencies between both analyses. After correlating, model updating is performed so that the percentage of error between them can be reduced. Table 1 provides the correlation of natural frequencies of the go-kart chassis structure extracted from both FEA and EMA. From Table 1 , it clearly shows that the frequencies value in FEA is different from the data in EMA and thus, proving there is significant value of error which rose due to less accurate input data. Mottershead and others provided a detailed discussion about sources of error that are possible in numerical analysis which consist of idealization errors resulting from assumption, discretization errors introduced by numerical methods, and erroneous assumption for model parameters [16] . 
MODEL UPDATING
In order to reduce the conflicts in FEA, model updating is applied to the finite element data by using the first-order optimization method. The optimization algorithm in MSC. NASTRAN (SOL200) is used for this study. The objective function for the prediction error is defined as:
where e i w and a i w are the experimental and computational natural frequencies respectively, with W as the real positive weighing factor. The prediction of the modal data is bestowed for detraction in the updating operation. The operation prolongs until convergence is achieved, where the contrariness between values of   x g from the following iteration is adequately small.
In choosing the updating parameter, eigenvalues sensitivities are estimated antecedent. Therefore, only significant parameters can be selected. After performing the sensitivity analysis using SOL200, two parameters are picked for this study, which are the Young's modulus of the go-kart chassis structure and the inner diameter of the tube structure. The original value of Young's modulus of the structure and inner thickness of the tube structure is 235 GPa and 1.3 mm respectively. The Young's modulus is allotted to fluctuate from 190 to 250 GPa. At the same time, the lower and upper bound value for the inner diameter of the tube structure is allocated to be 1.2 and 1.4 mm, correspondingly. The deviations of the updating parameters for the structure from the initial values are shown in Table 2 . Table 3 . As the table shows, there is a significant difference between the value of natural frequency value before and after the model updating is performed. Percentage of error shows lessening practically. Most of the values of natural frequency after updating clearly imitate the data from the experiment. Therefore, the model updating procedure is considered as successful to minimize the discrepancies between those two sets of data. 
CONCLUSIONS
This study sets out to perform modal based model updating on a go-kart chassis to minimize the discrepancies between the EMA and FEA. The correlation results after performing model updating procedure show that optimization of the selected parameter is able to revise the modal data of the FE model. Simultaneously, the discrepancies between the experiment data and finite element data are successfully reduced. The discrepancies for the modal properties of interest, which is the natural frequencies, during EMA and FEA is reduced from below 10% error to below 6.1% error after performing model updating. The evidence from this study testifies that model updating technique or also called model calibration is proven to be a good method in reducing divergences. Also, the estimation for the initial input parameter such as Young's modulus and diameters of the tube can be improved. Concurrently, SOL200 is proven to be an effective algorithm for finding the sensitivity of parameters. It is recommended that further research on this structure can be conducted in future to include the joint properties as one of the updating parameters along with the existing updating parameters. More information on model updating technique would help us to establish a greater degree of accuracy on this matter. If the investigation is to be moved forward, a better understanding of model updating technique and parameterization needs to be developed.
